D
istal clavicle osteolysis (DCO), first described by Dupas et al 1 in 1936 , was believed to be caused by trauma. Since then, DCO has been classified to occur by either traumatic or atraumatic means. A relatively rare condition, DCO typically affects male weight lifters or individuals who subject their shoulder girdle to repetitive microtrauma. 2 In a series of 46 men with acromioclavicular joint pain without an acute traumatic event, Cahill 3 reported that 45 lifted weights at least 3 times a week. The average age was 23 years. 3 Approximately half (25) improved with modification of their lifting technique; the remaining 20 patients required surgical intervention and underwent distal clavicle resection. 3 Distal clavicle osteolysis also has been diagnosed in other patients who undergo repetitive motions of the upper extremity, including a delivery man, an air-hammer operator, a judo athlete, and a handball player. 2, 4, 5 One case in the literature attributed DCO to a fall from a bicycle. 5 Although predominantly affecting men, DCO also has been reported in women, as the interest in female body building has risen. 6 It is important to be aware of both the traumatic and atraumatic causes of DCO as it can commonly be misdiagnosed as acromioclavicular (AC) joint abstract Distal clavicle osteolysis is an uncommon condition that most commonly affects weight lifters and other athletes who perform repetitive overhead activity. Although this condition most commonly presents in young active men, it is becoming increasing more common in women with the rise in popularity of body building and extreme athletics. Distal clavicle osteolysis can be debilitating, especially in those with rigorous training regimens, preventing exercise because of pain with activities such as bench presses and chest flies. Aside from a careful history and physical examination, radiographic evaluation is essential in distinguishing isolated distal clavicle osteolysis from acromioclavicular joint pathology, despite a potentially similar presentation of the 2 conditions. Nonoperative therapy that includes activity modification, nonsteroidal anti-inflammatory drugs, and cortisone injections is the first-line management for this condition. Patients whose conditions are refractory to nonoperative modalities may benefit from distal clavicle resection via either open or arthroscopic techniques. Arthroscopic techniques typically are favored because of improved cosmesis and the added benefit of the ability to assess the glenohumeral joint during surgery to rule out concomitant pathology. There are varying operative techniques even within arthroscopic management, with pros and cons of a direct and an indirect surgical approach. Patients often do well after such procedures and are able to return to their preinjury level of participation in a relatively short period. [Orthopedics. 2017; 40(2):119-124.] separation, especially following an acute injury. This article provides an overview of DCO and treatment options including the current authors' preferred surgical technique for operative management.
Overview

Anatomy
The AC joint is the articulation of the distal clavicle and acromion, and is stabilized by several ligamentous attachments. The joint is diarthrodial in nature. 2 A meniscus composed of fibrocartilage is present between the distal clavicle and the acromion. The AC joint is stabilized both in the horizontal and vertical planes by several ligaments. The AC ligaments provide stabilization in the horizontal plane, and the coracoclavicular (conoid and trapezoid) ligaments maintain stability in the vertical plane. It is important to be aware of these ligaments when assessing AC joint stability following trauma as well as when performing distal clavicle excision for conditions such as DCO.
Pathophysiology
Although there are many theories regarding the pathophysiology of DCO, there are 2 generally accepted mechanisms. The first was proposed by Cahill, 3 who suggested DCO was caused by repetitive microtrauma leading to microfracture in the subchondral bone of the AC joint. This theory hypothesizes repetitive stress, such as that caused by bench presses and chest flies, may place excessive traction on the AC joint, which causes DCO in an atraumatic fashion. Cahill 3 reported 50% of the 21 patients who underwent surgery in their series had microfractures in subchondral bone indicative of repetitive fracture and attempt at healing. In addition, the distal end of the clavicle of symptomatic patients exhibited fissuring and areas of complete cartilage absence, representing a traumatic process secondary to repetitive stress. 3 An additional mechanism was proposed by Brunet et al, 7 who hypothesized that DCO was caused by synovial invasion of the subchondral bone leading to osteolysis. This hypothesis has been supported by findings on magnetic resonance imaging (MRI). 2, 7 Although the precise mechanism is debated, it is a widely held belief that DCO is caused secondary to repetitive stress at the AC joint via repetitive microtrauma as proposed by Cahill. 
History and Presentation
Most patients are young, athletic men who participate in repetitive activities such as weight training; however, women also have been diagnosed with DCO secondary to weight lifting or push-ups. Pain is often insidious in nature but exacerbated by these loading activities. 3 Although many exercises have been implicated, the most commonly reported are bench presses, chest flies, and push-ups, as well as power cleans. 8 Patients will complain of vague anterior shoulder girdle pain without the sensation of subluxation. They may have tenderness over the AC joint. Often, patients will not be able to recall an isolated traumatic event. Pain may radiate to the trapezius or deltoid region and is relieved with decreased activity and time off from the offending action.
Haupt et al 8 referred to DCO as "weight lifter's shoulder" and reported that patients experienced more pain at night following intense weight lifting during the day. As far as provocative maneuvers, examination typically reveals tenderness to palpation at the AC joint and pain with cross body adduction. Range of motion typically is normal. 
Diagnostic Workup
Radiographic evaluation of the AC joint should be the first step in the diagnostic workup. To make the diagnosis of DCO, pathologic changes should be limited to the distal clavicle and spare the acromion. Typically, imaging of the AC joint is performed via the Zanca view, which involves angling the radiographic beam 15° cephalad in the anteroposterior plane. This view allows for visualization of the AC joint without overlap from the spine of the scapula. 10 Imaging may reveal loss of subchondral bone in the distal clavicle as well as cystic changes in the subchondral bone and widening of the AC joint (Figure 1) . 3 Evidence of sclerotic changes in the AC joint typically is not present in DCO and instead indicates AC joint arthritis. Distal clavicle osteopenia and tapering may be evident. 6 More advanced diagnostic imaging such as MRI also can be performed. Magnetic resonance imaging will demonstrate increased signal intensity on fat-suppressed T2-weighted and short-tau inversion recovery (STIR) images. 11 Bone marrow edema at the distal clavicle also is a common finding and correlates with severity of symptoms. 11 In symptomatic patients, technetium-99 scintigraphy will demonstrate increased uptake in the distal clavicle and may confirm the diagnosis earlier than plain radiographs and MRI. 3 It is theorized that this increased uptake is due to the increased bone turnover caused by osteoblastic attempt at repair of the microfractures caused during DCO. Although critics claim this increased bone turnover should be present in most normal active men, Cahill 3 compared 31 patients without DCO with those with the diagnosis and did not find any positive technetium-99 scans within the unaffected control group.
Corticosteroid injection with local anesthetic with or without image guidance can be a useful diagnostic and therapeutic tool. As with other joints, corticosteroid injections typically only offer short-term relief; however, pain relief can identify the AC joint as the source of pathology. Pain relief also may be predictive of successful surgical outcome. Worcester and Green 12 reported that in patients with AC joint arthritis, 100% of patients who received temporary relief with injection ultimately achieved pain relief following surgical intervention. Sopov et al 13 reported a successfully treated case of DCO via computed tomography-guided injection following failure of nonoperative management in a 20-year-old parachutist.
NONOperative MaNageMeNt
Treatment of DCO is driven primarily by patient-specific factors (eg, activity level, age, level of impairment, and desire to return to competition) rather than degree of degenerative change on radiographic evaluation. A young body builder may find mild degeneration crippling compared with an older patient with severe degenerative disease. Treatment ranges from conservative nonsurgical options to more invasive options including both arthroscopic and open surgical management.
Activity Modification and Therapy
The most common initial approach to conservative management is activity modification, nonsteroidal anti-inflammatory drugs (NSAIDs), and therapy. 14 In young athletes, it typically is necessary to avoid certain provocative exercises and activities. For example, eliminating specific exercises engaging the pectoralis major such as bench presses and push-ups can be beneficial. 15 Sometimes even minor adjustments such as changing bar grip distance may alleviate symptoms. 3 Often, though, compliance to such recommendations by young active individuals can be poor. In certain instances of concomitant rotator cuff or impingement pathology, formal physical therapy can be of potential benefit with goals aimed at restoring flexibility and strength. 16 However, there is limited evidence to support physical therapy in isolated cases of osteolysis.
Injections
Steroid injections may be considered an adjunct for persistent pain despite activity modification. Steroid injections also may be considered as a diagnostic test if the etiology of the patient's pain is in question. The current authors' preferred injection consists of 1 mL of 1% lidocaine and 1 mL of triamcinolone acetonide infiltrated directly into the AC joint after palpation and sterile preparation. Typically, a 23-gauge or smaller sized needle is used. A gentle pop or change in resistance is indicative of joint penetration. There should be no resistance when injecting the solution.
After the injection, immediate pain relief is diagnostic of AC joint pathology and also has been regarded as a reliable prognostic indicator of successful distal clavicle resection. 12 Avoidance of strenuous activity for 1 week typically is recommended. Successful joint penetration can be difficult, with true accuracy questioned. 17, 18 Borbas et al 17 injected 40 patients without ultrasound guidance and 40 patients with ultrasound guidance. They reported 90% accuracy with ultrasound guidance and 70% accuracy without ultrasound guidance.
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Operative MaNageMeNt
Surgery is indicated when conservative treatment is unsuccessful and patients typically continue to experience persistent pain. It is important to consider concomitant shoulder pathology such as rotator cuff tears and biceps tendinopathy, which have been demonstrated to be present in up to 81% and 22% of patients, respectively. 19 Both open and arthroscopic surgical approaches have been described in the literature with variable success. 20 Arthroscopic approaches ultimately have become more popular due to improved cosmesis, quicker recovery, and return to activity. [21] [22] [23] Both direct and indirect arthroscopic techniques have been described. 20, 21, 24 Advanced imaging should be obtained for distal clavicle resection alone either through an open Mumford-style procedure or direct AC arthroscopy to ensure there is no concomitant intra-articular pathology that could be assessed with a full diagnostic arthroscopy such as rotator cuff or biceps tendonitis.
Open Technique
In 1941, Mumford 25 and Gurd 26 independently were the first to describe distal clavicle excision to treat chronic AC joint instability. Neviaser et al 27 expanded this technique in 1982 by adding decompression of the acromion and distal clavicle to address both impingement and biceps tenosynovitis.
The open technique involves an incision overlying the AC joint with subperiosteal dissection directly exposing the distal clavicle. The amount of distal clavicle resected should not exceed 10 mm, and resection is performed with an oscillating saw or burr drill. Overzealous excision may compromise the superior AC ligament capsule and deltoid insertion, resulting in clavicular instability and chronic pain. 20, 28 Advantages of the open technique include direct visualization ensuring adequate resection and theoretically increased speed. A diagnostic arthroscopy often is performed prior to resection to rule out concomitant shoulder pathology.
Arthroscopic Techniques
With the rise in popularity and familiarity of arthroscopy, as well as its proposed advantages noted earlier, both indirect (subacromial/bursal) and direct (superior) approaches have been described. 24, [29] [30] [31] [32] In the indirect approach, a traditional posterior shoulder arthroscopy portal is established, and the combination of both anterolateral and anteroinferior portals are used to optimize visualization of the distal clavicle within the subacromial space. Typically, decompression and debridement are performed from inferior to superior, with medial decompression being performed last to ensure adequate decompression. A radiograph can be obtained to ensure adequacy of resection.
The direct or superior approach was developed with the theoretical advantages of direct access to the joint, complete joint visualization, and decreased bony debris and disruption within the subacromial space. 24 Overall criticisms of the arthroscopic approach include the high technical demand, operative time, destruction of the joint capsule (especially with the indirect approach), and the risk of inadequate resection. 33, 34 Surgical Technique. The current authors' preferred arthroscopic surgical technique uses a direct approach. After induction of general anesthesia, the patient is placed in the beach-chair position. Landmarks are palpated and marked (Figure 2) .
Two 5-mm portal incisions are made. The first incision is approximately 1 cm posterior to the AC joint, and the second incision is 1 cm anterior to the AC joint. A small 2.7-mm arthroscope is inserted directly into the posterior portal. Using spinal needle localization, a 3.5-mm shaver is introduced through the anterior portal (Figure 3) . For visualization purposes, the soft tissues and meniscus of the joint are debrided initially.
In contrast to the indirect approach, the inferior AC joint capsule is preserved, and the remaining surgery is performed through the already established arthrotomies. Electrocautery is used to undermine and separate the capsule from the bone within the joint. As the capsule and ligaments are elevated periosteally, this avoids creating iatrogenic instability and also allows improved visualization of the bone to be resected.
Using a 4-mm wide burr through the anterior portal, approximately 8 mm of the anterior portion of the clavicle is resected. The width of the burr is used to guide the amount of resection. Next, the burr drill and arthroscope are switched, and the remaining posterior portion of the clavicle is resected using the same technique. The final amount of resection is evaluated with the arthroscope in the posterior portal and confirmed under fluoroscopy.
The joint and portals then are injected with local anesthetic and closed in a standard fashion, and the patient is placed in a sling. Aesthetically, the portals may be more appealing for the bodybuilder, fitness competitor, or model as the portals are smaller, and the procedure typically can be performed with only 2 portals.
Postoperative Care. Patients are instructed to decrease use of the sling gradually during the first several postoperative days as their pain improves. Patients are referred to physical therapy to work on range of motion and strengthening, and they also are given exercise instruction sheets prior to participating in therapy. Athletes are encouraged to return to full activity during the next month as tolerated. Ten to 14 days after surgery, patients are examined in the office, and postoperative radiographs are reviewed (Figure 4) .
DiscussiON
Distal clavicle osteolysis is an uncommon but potentially limiting condition in young, highly active patients. Conservative therapy with NSAIDs and activity modification has been shown to be successful as a first-line treatment. Jacob and Sallay 35 reported 25 of 27 patients (93%) who received lidocaine injection into their AC joint experienced improvement in pain and function. However, this improvement was reported at a mean of 20 days, and within 4 months, 18 patients (67%) required distal clavicle excision for insidious pain. Two patients who received lidocaine injections did remarkably well, reporting pain relief for 1.5 and 2 years, respectively.
For patients who fail conservative treatment, especially those who are young and competitive athletes, surgical options must be considered. Deciding on the optimal surgical technique typically is based on an individual surgeon's experience, secondary to the lack of level I or II studies comparing approaches. 28 Open distal clavicle excision has been reported to produce excellent results for various types of AC joint pathology including DCO. Slawski and Cahill 36 examined 14 consecutive patients who underwent 17 distal clavicle resections for atraumatic DCO. Mean follow-up was 25 months, and the UCLA Shoulder Rating Scale was used for evaluation. Eight patients had a good result, and 9 patients had an excellent result; all of the patients returned to sport or work at a satisfactory level. 36 The largest case series of open clavicle resection for DCO was performed by Cahill. 3 In this series, 21 patients underwent surgery, and 25 patients underwent nonoperative treatment. Nineteen of the 21 patients (90%) who underwent surgery reported symptom relief with a mean follow-up of 7 years.
Arthroscopic intervention also has produced positive outcomes. Auge and Fischer 29 reported on 10 weight lifters (average age, 30.4 years) with unilateral DCO refractory to nonoperative management who underwent arthroscopic clavicle resection. At mean follow-up of 18.7 months, all of the patients had returned to their previous training program at an average of 9.1 days. 29 The authors commented that the ability to continue training with minimal interruption and improved cosmetic appearance were both advantages of the arthroscopic approach. 29 Zawadsky et al 37 It is important to distinguish DCO from AC joint arthritis, and outcomes can differ following operative injury between the 2 conditions. Distal clavicle osteolysis can be diagnosed when pathologic changes such as sclerosis, reactive bone formation, and subchondral cysts are isolated to the distal clavicle only. A majority of studies examining outcomes following distal clavicle do not distinguish between patients treated for DCO vs AC joint arthritis; however, several such studies do exist. Specifically, patients with traumatic AC joint arthritis and degenerative arthritis tend to do worse than patients with DCO.
Eskola et al 38 performed distal clavicle resection in a total of 73 patients. Of these, 32 patients had symptomatic AC joint separation, 8 patients had lateral clavicle fracture, and 33 patients had primary AC joint osteoarthritis. The results were good in 21 patients, satisfactory in 29 patients, and poor in 23 patients. A poor result was more common in patients with distal clavicle fracture, and a good result was more common in patients in whom less than 10 mm of clavicle was resected. The authors concluded that distal clavicle excision should be performed with caution in patients following fracture or patients with severe arthritis, and if performed, minimal distal clavicle should be resected. Additional prospective studies are required to further evaluate differences in treatment outcomes of these 2 conditions.
cONclusiON
Although relatively uncommon, DCO can be a debilitating condition, especially for young athletes. Many patients will improve with conservative treatment consisting primarily of activity modification; however, a subset of patients ultimately will require surgical treatment. Both open and arthroscopic techniques have demonstrated acceptable clinical outcomes. Arthroscopic techniques appear to be used more commonly, with the ability to address concomitant shoulder pathology. The literature overall appears to be slightly in favor of the direct arthroscopic approach compared with the indirect approach; however, both have demonstrated excellent long-term outcomes.
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